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The present invention relates fo modulating 
circuits, especiaHy as employed in multi-channel 
communication systems of the pu]se-amplitude- 
modulation type. 
In a copending application of the present ap- 5 
plicants, Serial No. 70,953 filed January 14, 1949, 
there is disclosed a rime-division multiplex sys- 
rem oï communication suible ïor television, 
FlVl programs, and other high-frequency uses. In 
accordance with a principal feature of the in- 10 
vention set forth in this copending application, 
a plurality of intelligence signal channels are 
each sampled ai a rate dependent upon the high- 
est frequency contained therein. This sampling 
process detects the instantaneous amplitude of 15 
the signal in each channel, and, by sampling the 
channels in sequence, the channel information is 
ruade available ïor inter]eaving into a composite 
multiplexed signal. 
The apparatus for carrying out this sampling 20 
process may, for example, include a pu]se gen- 
erator feeding an artificial delay line. The pulse 
frorn the generator is preferably of triangular 
waveform, and bas a recurrence frequency equal 
to the desired sampling frequency. The delay 25 
line is provided with a plurality of output termi- 
na]s, equal at least to the number of intelligence 
signal charme]s, and having a predetermined 
rime delay therebetweën. At each output termi- 
nal of the delay line, therefore, there is available 30 
a properly-timed samp]ing pu!se of the saine 
shape which may be used to control the sampling 
of a particular intelligence channel. 
This sampling is preferably accomplished by 
employing the sampling pu]ses derived from each 35 
of the above-mentioned output terminals to gare 
on a normally non-conductive electron tube in- 
corporated in each intelligence signal channel 
of the system. In such an arrangement, the in- 
teliigence signal in each channel is continuously 40 
applied to its respective gating tube, but the lat- 
ter is rendered conductive oniy upon the applica- 
tion thereto of one particular timing, or gating, 
pu]se from the delay line. The output of each 
gating tube is consequently a puise having an 45 
amplitude representative of the amplitude of 
one particular intelligence signal ai the instant 
when sampling occurs. The outputs of these 
gating tubes are combined, in timed sequence, 
fo form a composite multiplexed signal which 50 
may then either be transmitted directly or em- 
ployed to selectively amplitude-modulate or 
frequency-modulate a carrier wave for trans- 
mission by any suitable form of translating 
device. 55 
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From the above, it will be seen that each mod- 
ulating unit includes a gating tube which not 
only receives signais from one of the intelligence 
channels but a]so a timing pu]se from a tap on 
the delay network. It is accordingly the purpose 
of each modu]ator to act as a gating device which 
selectively connects a continuously energized in- 
telligence signal circuit to s common transmit- 
ter in accordance with the application to the 
modulator of one of the timing pu]ses from the 
delay network. If will now be appreciated that 
each modulator, or gating circuit, must be closed 
to ifs respective intelligence signal channel ai all 
rimes except when it is opened by the applica- 
tion thereto of a particular timing pu]se. 
In copending application Serial No. 70,953 
above referred to, the gating tube employed in 
each modulator is a pentode to the control grid 
of which the intelligence signals are applied. 
The timing pu]ses from the delay network are 
applied to the suppressor grid of the pentode, so 
that the latter is gated open by the timing puises 
to develop in ifs anode circuit a voltage represen- 
tative of the amplitude of the intelligence signal 
for the duration of the gating pu]se. Such a cir- 
cuit arrangement, however, hot only requires a 
manual linearity control for satisfactory opera- 
tion, but in addition is capable of selectively low 
output current changes. 
In accordance with t feature of the present in- 
vention, the modulating circuit described above 
is modified so as fo include a double triode in 
place of the pentode. The changes provide out- 
put pu]ses of high amplitude and excellent lin- 
earity while maintaining freedom from width 
modulation. In addition, the manual linearity 
control required in the pentode circuit of the co- 
pending application may be omitted. Further- 
more, it has been round in practice that a modu- 
lator operating in the manner set forth herein is 
almost completely free from crosstalk between 
chanrels resulting from signal "leakage" 
through a particular cut-off modulator tube 
during the rime periods when other channels are 
being sampled. 
One object of the present invention, therefore, 
is to provide a modulating circuit especiaHy suit- 
able for use in multi-channel communication 
systems of the pu]se-amplitude-modulation type. 
Another object of the present invention is to 
provide a modu]ator which includes a triode gat- 
ing tube, the grid bias and grid signal conditions 
of the latter being so controlled that substan- 
tially no signal leakage through the inter-elec- 
trode capacities of the tube can occur. 
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Other objécts and advantages will be apparent 
from the following description and from the 
drawing» the single figure of which is a schematic 
diagram of a preferred form of modulator de- 
signed in accordance with the present invention. 
The circuit oî the drawing includes a triode 
gating tube 0 having an anode 2, a cathode 
4» and a control electrode 6. Tube 5 maF, for 
example, be one section of a 2C51. ïts anode 
2 is supplied with positive operating potential 
from a source 8 of» sa» -t-150 volts through a 
load resistor 20. The latter ma be common fo 
a number of other gating tubes when the ar- 
rangement of the drawing constitutes one mod- 
ulating unit of a multiplex transmitter. The 
cathode 4 of tube 0 is connected to a source 
of positive potential 2, which ma have a value, 
for example, of -t-30 volts, through a resistor 22. 
The primary winding 24 of a transformer 26 
receives intelligence signals from a suitable 
source having an output impedance of, sa, 600 
ohms. As shown in the drawing, these audio sig- 
nais are balanced to ground, and act to produce 
across the secondar winding 28 of the trans- 
former a varying voltage at point 80. When the 
modulator of the drawing is employed in a multi- 
plex communication system such as set forth in 
the copending application above mentioned, the 
intelligence signals applied fo the transformer 
28 are developed by a microphone, or other trans- 
ducer, and are continuously supplied across the 
primary winding 24. 
A resistor 82, terminating the secondary wind- 
ing 28. of transformer 26, is connected between 
the point 86 and a source of positive potential 
(having a value of -t-70 volts, for example) con- 
nected fo the terminal 84. The parallel combi- 
nation of a diode 86 and a resistor 88 joins the 
point 80 fo an additional source of positive po- 
tential connected to the terminal 40 through a 
still further impedance 42. Thus the diode 86 
would normally be conductive to establish at 
point 44 a potential substantially equal fo the 
value of the potential source 84, or -t-70 volts. 
The grid 6 of the gating triode {} is con- 
nected both to the point 44. and fo the anode 
46 of a further triode 48. The latter may also 
constitute one section of a 2C51 tube, so that the 
two units 0 and 48 may, if desired, be contained 
in a single envelope. The cathode 50. of tube 
48.is grounded directly as shown. Since point 44 
is af positive potential, tube 48 is normally con- 
ductive (assuming a positive voltage also on its 
control grid 5) fo bring ifs anode 46 and grid 
6 of tube 0 down fo a value below -t-30 volts 
(in the examp]e giron). Since this value is less 
than that of the source fo which the cathode 
4 of tube 0 is connected, the effect of this low- 
ered potential on grid 6 is to cut off triode , 
and the latter will romain cut off as long as tube 
48, conducts. 
During this rime, of course, intelligence sig- 
nals are being received by the transformer 26. 
However, conduction of tube 48, and the result- 
ant lowering of the positive potential af point 
44,. has caused the diode 8 also fo cut off. 
Hence, any intelligence signals which reach the 
grid 6 of tube 6 during this period of operation 
must do so through the relatively high resister 
88. These intelligence signals arriving af point 
44, however, now see in effect a parallel imped- 
ance network consisting of the plate resistance 
of tube 48.and the relative]y low resistor 42. The 
signal, is divided by pasing through resister 
88 and the parallel combination of the high re- 
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sistance of tube 4 and resistor 4- by a factor 
of some S0 fo 40 db. Thus, during the rime tube 
f0 is nonconducting, the signal reaching its grid 
is attenuated some S0 db below the normal op- 
5 erating conditions. This S0 db of attenuation 
thon adds directly to the attenuation which 
would be encountered in feeding from the con- 
trol grid fo the output circuit through the tube 
capacity. This attenuation is normally on the 
]0 order of 40 db. The resultant attenuation, thon, 
is between 70 and 80 db, a figure more than sat- 
isfactory for commercial operation. 
When a negative gating pulse from some suit- 
able source (such as the delay line in applicants' 
]  copending application) is received af the termi- 
nal 52, if reaches the control electrode 5 of tube 
48 through the parallel combination of a diode 
56 and a resistor 58. Diode 56 is normally cut 
off, in the absence of such a negative gating 
20 pulse, by having its cathode connected fo a point 
60. between resistor 58 and one end of a further 
resister 62. The remaining end of resistor 52 is 
connected fo the terminal 64 of a source of posi- 
tive potential having a value, for example, of 
 -t-150 volts. Consequently, grid 5 of tube 48 is 
normally af a positive potential, and is only 
driven negative by the presence of a gating pulse 
af terminal 52. Where the fllustrated modulator 
forms one unit of a multiplex transmitter, a 
o "padding" resistor 65 may be incorporated in 
each such unit fo equalize the amplitude of the 
various gating pulses. 
As soon as tube 4 is cut off, its anode 4, as 
well as fihe grid 5 of gafling tube 0, are pulled 
35 positive toward the relatively high voltage at 
terminal 4. When the point 44 exceeds a value 
of approximately 70 volts, however, diode 
conducts to stabilize the voltage of grid  5 at this 
figure. However, this reference, or base, voltage 
0 established by conduction of diode 86 fiuctuates 
as a result of variations in the intelligence signal 
which is applied to the primary winding 24 of 
transformer 26, and which appears across the 
sistor 8-. However, this intelligence signal volt- 
45 age "swing" at point 80 (which ma be in the 
order of 20 volts peak-to-peak) is considerably 
less than the base, or reference, voltage, and 
hence the signal applied to giid 6. of tube 
during the period when tube 48 is cut off is 
50 always of positive polarity. The resultant ,pulse 
in he output of tube 0 ma be as shown b the 
reference numeral 66, he dotted lines indicating 
the modulation limits. The high reference volt- 
age which ma be established at point 44 during 
55 the conduction of tube  0 permis the latter to be 
driven af a high level so as fo produce high- 
amplitude output pulses. 
IAnearit of puise output from tube 0 is 
sured b the presence of the cathode resistor 22. 
6o This resistor is un-bpassed to the potential 
source 2 , and hence a negative feedback voltage 
is developed across it during conduction of tube 
0. This negative feedback action tends to 
stabilize the current in the tube output circuit 
65 and reduce an tendenc toward amplitude dis- 
tortion of the signal puises 66. 
While the invention has been set forth in con- 
nection with a pulse-amplitude-modulated mul- 
tiplex communication sstem, it will be under- 
7o stood that the concept is applicable to an ss- 
tem in which a gating tube is emp]oed to trans- 
fer a continuousl present signal to an output 
circuit af the particular time when a gating, or 
triggering, puise is also present. As brought out 
75 above, the invention is especially suitable for 
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arrangements in which itis essential to avoid any 
crosstalk between a plurality of channe]s due fo 
signal leakage through the inter-electrode 
pacitances of triode modulator tube, as well as 
where it is desired that optimum operation be 
achieved without the ne.cessity of employing 
manual linearity contro]s. 
Having thus described out invention, we claire: 
1. In 
source of intelligence signais, a rst normally 
non-conductive electron discharge tube having 
an input electrode to which intelligence signals 
from said source may be continuously applied, 
biasing circuit, including a second normaliy con- 
ductive electron discharge tube, connecting the 
input electrode of said first tube to a point of 
constant potential, the impedance between such 
constant potential point and the input electrode 
of said first tube being predetermined ata rel- 
tively low value when said second tube is conclue- 
tire, a source of negative gating pulses, and 
means ïor applying a negative gating puise from 
said source to said second tube to tender the lat- 
ter non-conductive and reduce the bias on said 
first tube, whereby the impedance between the 
input electrode of said first tube and said con- 
stant potential point is raised above said pre- 
determined value. 
2. The combination of claire 1, in which the 
impedance between the input electrode of said 
first tube and said constant potential point when 
said second tube is conductive is chosen fo be 
sufficiently low with reference fo the input-out- 
put inter-electrode capacitance of said first tube 
so that the intelligence signals which may be 
continuously applied to the tube control elec- 
trode are substantially completely prevented from 
being conducted through said inter-electrode 
pacitance to the tube output circuit. 
3. In combination, 
diode and a resistor connected in parallel rela- 
tion, a circuit for connecting the control electrode 
of said triode modulator tube fo a positive refer- 
ence potential point through the parallel com- 
bination of said diode and said resistor, a source 
of intelligence signals, means for applying in- 
telligence siina]s from said source fo the control 
electrode of said triode modulator tube through 
the parallel combination of said diode and said 
resistor in such a manner that said intelligence 
signals vary about said positive reference poten- 
tial level, a connection between the control elec- 
trode of said triode and a further source of posi- 
tive potential of higher value than said refer- 
ence potential, a normally conductive gating 
tube, and means for connecting the control elec- 
trode of said triode to ground through said nor- 
mally conductive gating tube, whereby the con- 
duction of said gating tube causes both said diode 
and said triode modulator tube to be non-con- 
ductive and establishes a relatively low im- 
pedance between ground and the control elec- 
trode of said modulator tube insofar as such im- 
pedance is presented fo the said intelligence 
signals. 
4. The combination of claire 3, further com- 
prisini a source of negtive gating pu]ses, and 
means for applying a negative gating pu]se from 
said source fo said normally conductive gating 
tube, thereby to cut-off the latter, tender both 
said diode and said triode modulator tube con- 
ductive, and raise the impedance between ground 
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and the control electrode of said triode modula- 
tor tube as presented to the said intelligence sig- 
nais. 
5. In a modulator for intermittently gating 
5 substantially continuous intelligence signal into 
an output circuit to yield a series of discrete 
pu]ses, the amplitudes of which are dependent 
upon the instantaneous amplitude of said in- 
telligence signal, a modulator tube having an in- 
10 put circuit and an output circuit, means included 
in the input circuit of said modulator tube for 
varying the bias applied to said tube fo tender if 
controllable conductive and non-conductive, said 
last-named means inherently producing a rela- 
15 tively low impedance in shunt with said input cir- 
cuit when said tube is rendered non-conductive, 
means for providing a signal path for supplying 
said intelligence signal to the input circuit of 
said modulator tube, and means controlled by 
'20 said bias-varying means for varying the 
pedance of said last-named means from a rela- 
tively low value when said modulator tube is 
conductive to a substantially higher value when 
said moduiator tube is non-conductive. 
25 6. A modulator according to claire 5 in which 
said means for varying the impedance of said 
signal path is operative fo vary said impedance 
from a relatively low value when said modulator 
tube is conductive fo a value substantially higher 
30 than the impedance produced in shunt with the 
input circuit of said modulator tube when said 
modulator tube is rendered non-conductive. 
7. A modulator according fo claire 5 in which 
said meani for varying the impedance of said 
5 signal path comprises the parallel combination 
of a resistor and a unilaterally conductive device 
and means including said bias-varying means 
for rendering said unilaterally conductive device 
non-conductive when said modulator tube is non- 
0 conductive. 
8. In a modulator for intermittently gating a 
substantially continuous intelligence signal into 
an output circuit to yield a series of discrete 
pu]ses, the amplitudes of which are dependent 
upon the instantaneous amplitude of said intelli- 
gence signal, a modulator tube having af least 
triode elements, means for varying the bias ap- 
plied to said tube fo tender it controllable con- 
ductive and non-conductive, said last-named 
means comprising a vacuum tube having af least 
50 triode elements and a load impedance for said 
last-named tube serially connected between 
points of different potential and a .connection 
from the junction between said last-named tube 
and said impedance fo the grid of said modulator 
55 tube, a unilaterally conductive device connected 
between said last-named junction and a point of 
fixed potential intermediate the potentials of 
said two first-named points, and means includ- 
ing said unilaterally conductive device for sup- 
60 plying said intelligence signal to the grid of said 
modulator tube. 
EDGAI lVL CREAMER, JR. 
WILSON P. BOOTHROYD. 
65 REFERENCES CITED 
The following references are of record in the 
file of this patent: 
UNITED STATES PATENTS 
Naine Date 
Chatterjea et al ..... July 26, 1949 
E1]sworth et al ...... July 31, 1951 



